Received for publication July 3, 1952 An aspect of bacteriophage morphology which never fails to excite speculation is the function of that tail which is characteristic of most of the T-bacteriophages and, so far as is known, of all other bacteriophages. Until recently nothing has been known about the tail, and there has been no reason to call one end a tail and the other a head, except for the obvious similarity in appearance to higher organisms, such as tadpoles. The most recent work indicates (Goldwasser and Putnam, 1951 ) that the tail is not an organ of locomotion, but even this has been the subject of much dispute. It has been reported recently (Herriott, 1951 and Hershey and Chase, 1952) that the entire shell of the phage is composed of protein. In the last few months a greatly renewed interest in the tails has been engendered by the publication of electron micrographs apparently showing that the T2 and T4 phages adsorb to the bacterial host by their tails (Anderson, 1952) , and by the statement (Hershey and Chase, 1952) that on invasion the nucleic acid material inside the phage shell enters the bacterium and leaves the protein ghost with attached tail outside.
Obviously speculation that the bacteriophage tail serves a function of any sort, such as in the adsorption mechanism, has had to take cognizance of the apparent lack of tails of two of the well known series of T-phages; namely, T3 and T7. These phages are related serologically to each other, but not to the other five T-phages, and have long been described as spherical and tailless (Anderson, 1949; Benzer et al., 1950) .
The recent development of a new technique of freeze-drying specimens for electron microscopy (Williams, 1953) has made it enticing to reexamine the tailless phages for detailed morphology under conditions which lead to a minimum of preparative distortion.
1 Aided by a grant from the National Foundation for Infantile Paralysis.
METHODS
T3 and T7 phages were prepared in a highly purified state by careful differential centrifugation in the manner to be described in a forthcoming paper on the isolation of T3 (Fraser, 1952) . The preparations were examined for homogeneity and characterized biologically by standard techniques (Adams, 1950) , including analytical ultracentrifugation and electrophoresis, examination in the electron microscope, and study of the behavior toward antisera and toward host range bacterial strains. In order to freezedry the specimens properly it was necessary to suspend the phages finally in a medium containing only volatile salts. For the present work a neutral, isotonic (1.8 per cent) solution of ammonium benzoate was used; we have found that the phages retain their viability and other typical characteristics for a reasonable time after resuspension in this solution. In each case the final suspension was sprayed and frozen-dried as described elsewhere (Williams, 1953 Flattened particles show signs of-nonspherical shape, and perhaps some evidence of a tail structure. Uranium shadowed at 4/1 angle. X 60,000. b. T3 phage frozen-dried from ammonium benzoate suspension. Several of the particles show a stubby tail structure. Shadow angle uncertain because of local nonplanarity of the collodion film. X 60,000.
head seems to approach that of a perfect quartz shows a particularly beautiful specimen. No crystal; i.e., a hexagonal prism capped by a spherical particles are found. The distance across hexagonal pyramid on each end with the prism the head between parallel sides is 47 m,u; the edges equal in length to the pyramid edges. The tail is approximately 15 mp long and 10 m, wide tail projects from a pyramidal apex. Figure ld of particles with favorably oriented tails, but it is exhibited in order to show several tailed structures in one picture as an indication of their uniformity. Measurements of the T7 phage particles show them to be identical in size and external morphology with the T3 phage particles.
In conclusion, it appears that the possession of speculation that the tail serves a function in the phage life cycle is now on much safer ground. A rather complex geometrical morphology of the phages may also be a general feature (Anderson, 1952) . At the least it may be said that the morphological complexity supports the current opinion, based on several lines of evidence, that the bacteriophages are much more complicated than had been thought a few years ago.
